Abstract. Previous studies have suggested that circular RNAs (circRNAs) serve crucial functions in various human diseases, including cancer. The results of the present study demonstrated that the expression levels of circ-0067934 were significantly increased in non-small cell lung cancer (NSCLC) tissues and NSCLC cells compared with that in adjacent normal tissues and a normal human bronchial epithelium cell line, as assessed using reverse transcription-quantitative polymerase chain reaction. Increased expression levels of circ-0067934 were associated with lymph node metastasis and advanced tumor stage in patients with NSCLC. Increased levels of circ-0067934 were significantly associated with the poor overall survival (OS) time of patients with NSCLC compared with low circ-0067934 expression levels, as assessed using Kaplan-Meier estimator survival curves and log-rank tests. Additionally, circ-0067934 was identified as an independent risk factor for OS time in patients with NSCLC, as assessed using univariate and multivariate Cox proportional hazards regression models. Additionally, cell proliferation and colony formation assays were employed to assess cell proliferation. The results demonstrated that the proliferative ability was significantly inhibited when circ-0067934 was knocked down in NSCLC cells. Therefore, these results indicated that circ-0067934 may be a predictive marker for the prognosis of NSCLC and a target for the treatment of the disease.
Introduction
Non-small cell lung cancer (NSCLC) accounts for >80% of lung cancer cases worldwide (1) . Tumor proliferation, invasion and metastasis lead to increased mortality, accounting for ~1.4 million cases of mortality per year. Despite advances in surgery and in the development of novel drugs for NSCLC, the outcome for affected patients remains unsatisfactory, with a 5-year overall survival (OS) rate of 15% (2, 3) . The identification of biological markers for predicting the prognosis of NSCLC and potential targets for the treatment of NSCLC is required.
Circular RNAs (circRNAs) are a class of non-coding RNA molecules that shape a covalently closed continuous loop with no 5'-3' polarity and a polyadenylated tail (4, 5) . Recent advances in high-throughput RNA sequencing have contributed to the identification of a number of circRNAs that are involved in tumor progression (6) . For example, it has been demonstrated that hsa-circ-0000190 is downregulated in gastric cancer and may be used as a novel non-invasive biomarker for the diagnosis of gastric cancer (7) . circRNA plasmacytoma variant translocation 1 was identified as an independent prognostic marker for OS and disease-free survival time in patients with gastric cancer (8) . circRNAs have also been associated with progression and metastasis in NSCLC. For example, it was demonstrated that hsa-circ-0013958 promoted cell proliferation and invasion, and inhibited cell apoptosis in lung adenocarcinoma (9) . Additionally, circ-0067934 was upregulated in esophageal squamous cell carcinoma and promoted proliferation (10) . However, the function of circ-0067934 in NSCLC remains unclear.
The aim of the present study investigated the clinical role and functional significance of circ-0067934. A hypothesis was that circ-0067934 would be significantly increased in NSCLC tissues and cells and that these increased expression levels of circ-0067934 would be associated with prognosis in patients Overexpression of circ-0067934 is associated with increased cellular proliferation and the prognosis of non-small cell lung cancer with NSCLC. Additionally, the present study hypothesized that circ-0067934 overexpression affected cell proliferation ability. Thus, the aim of the present study was to investigate whether circ-0067934 could represent a predictive marker for the prognosis of NSCLC and a target for the treatment of the disease. 
Patients and methods

Patients
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
Total RNA was extracted from Human NSCLC tissues and adjacent normal tissues or NSCLC cell lines (A549, H1299, SK-MES-1, PC-9) and a normal human bronchial epithelial cell line (BEAS-2B) cells using TRIzol reagent (Thermo Fisher Scientific, Inc.). A total of 1 µg RNA was reverse-transcribed using a Reverse Transcription kit (Takara Biotechnology Co., Ltd., Dalian, China). qPCR was performed using SYBR Premix Ex Taq II kit (Takara Biotechnology Co., Ltd.) on the ABI 7900HT Real-Time PCR System (Applied Biosystems; Thermo Fisher Scientific, Inc.). The sequences for the primers used were as follows: circ-0067934 forward, 5'-TAG CAG TTC CCC AAT CCT TG-3' and reverse, 5'-CAC AAA TTC CCA TCA TTC CC-3'; and GAPDH forward, 5'-GGG AGC CAA AAG GGT CAT-3' and reverse, 5'-GAG TCC TTC CAC GAT ACC AA-3' . RT-qPCR was conducted at 95˚C for 1 min, followed by 40 cycles of 95˚C for 30 sec and 60˚C for 40 sec. The relative mRNA expression was calculated using the 2 -ΔΔCq method (11) and normalized to GAPDH.
Cell proliferation assay. Cells (SK-MES-1 and A549) were seeded in a 96-well plate at a density of 2x10 3 cells/well. Following overnight incubation at 37˚C in a humidified atmosphere containing 5% CO 2 , the cells were transfected with si-NC, si-circ-0067934-1 (S1) or si-circ-0067934-2 (S2). Following incubation for 24, 48, 72 and 96 h, 10 µl Cell Counting Kit-8 solution (CCK-8; Dojindo Molecular Technologies, Inc., Kumamoto, Japan) was added to each well for 2 h at 37˚C. The absorbance was read at 450 nm using a spectrophotometer (Bio-Rad Laboratories, Inc., Hercules, CA, USA).
Colony formation assay. Cells (SK-MES-1 and A549) were seeded in a 12-well plate at a density of 400 cells/well. Following overnight incubation at 37˚C in a humidified atmosphere containing 5% CO 2 , the cells were transfected with si-NC, si-circ-0067934-1 (S1) or si-circ-0067934-2 (S2) for 14 days. Table I . Association between the expression of circ-0067934 and the clinicopathological features of patients with non-small cell lung cancer. I-II  49  29  20  III-IV  30  9  21 circRNA, circular RNA; TNM, Tumor-Node-Metastasis.
Cell colonies were fixed with 100% methanol at room temperature for 20 min and then stained with 0.1% crystal violet for 20 min at room temperature. Colonies were then counted under a light microscope (Olympus Corporation, Tokyo, Japan).
Statistical analysis. Data were analyzed using SPSS software (version 20.0; IBM Corp., Armonk, NY, USA). Data are expressed as the mean ± standard deviation. Results were analyzed using Student's t-test when only 2 groups were compared, or using one-way analysis of variance with Fishers's least significant difference post-hoc test when >2 groups were compared. A χ 2 test was used to analyze the association between circ_0067934 expression and clinicopathological factors. Kaplan-Meier survival analysis and log rank test was used to estimate overall survival of the patients with NSCLC. Univariate and multivariate Cox proportional hazard regression analysis was used to evaluate the risk factors of NSCLC survival. P<0.05 was considered to indicate a statistically significant difference.
Results
Expression of circ-0067934 is increased in NSCLC tissues
and cells. The expression of circ-0067934 in 79 pairs of tumor tissues and adjacent non-cancerous tissues was analyzed using RT-qPCR. The results demonstrated that the expression of circ-0067934 in NSCLC tissues was significantly increased compared with that in adjacent normal tissues (Fig. 1A) . Furthermore, RT-qPCR was performed to analyze the expression of circ-0067934 in human NSCLC cell lines (A549, H1299, SK-MES-1 and PC-9) and in a normal human bronchial epithelium cell line, BEAS-2B. As presented in Fig. 1B , the expression of circ-0067934 was significantly increased in the NSCLC cells compared with that in the BEAS-2B cells. These results indicated that the expression of circ-0067934 was increased in NSCLC.
Expression of circ-0067934 is associated with prognosis of patients with NSCLC.
The association between the expression of circ-0067934 and clinicopathological features was evaluated. Based on the median expression of circ-0067934 (2.95 fold) in the tumor tissues, the patients were divided into a high circ-0067934-expression group and low circ-0067934-expression group (Table I) . circ-0067934 was markedly associated with positive lymph node metastasis ( Fig. 2A) and advanced tumor-node-metastasis (TNM) stage (12) (Fig. 2B ) in patients with NSCLC. However, the expression of circ-0067934 was not associated with other clinicopathological factors, including age, sex and tumor size (Table I) . Kaplan-Meier estimator survival curves and log-rank tests demonstrated that increased expression of circ-0067934 was significantly associated with a poor OS time in patients with NSCLC compared with low circ-0067934 expression (Fig. 2C) (Table II) . Overall, the results indicated that the expression of circ-0067934 was an independent risk factor for OS time in patients with NSCLC.
Downregulation of circ-0067934 suppresses the proliferation of NSCLC cells.
To assess the effects of circ-0067934 on cellular proliferation, loss-of-function experiments were performed in A549 and SK-MES-1 cells (Fig. 2D) . Downregulation of circ-0067934 significantly decreased cellular proliferation in A549 (Fig. 3A) or SK-MES-1 (Fig. 3B ) cells at the 72 and 96 h time intervals compared with that in the control group, as assessed using a CCK-8 assay. Additionally, the number of cell colonies was markedly decreased when the expression of circ-0067934 was knocked down in A549 (Fig. 3C ) and in SK-MES-1 (Fig. 3D ) compared with that in the control group, as assessed using a cell colony formation assay (Fig. 3C  and D) . These results demonstrated that the downregulation of circ-0067934 suppressed the proliferative ability of the NSCLC cells.
Discussion
Recent studies have revealed that circRNAs serve as key regulators in the development of human diseases, including cancer (13, 14) . Comprehensive profiling of circRNAs revealed the regulatory function of the circRNA-100338/miR-141-3p signaling pathway in hepatitis B-associated hepatocellular carcinoma (15) . A previous study demonstrated that hsa-circRNA-0020397 regulated cell viability, apoptosis and invasion by promoting the expression of miR-138 targets, including telomerase reverse transcriptase (TERT) and programmed death ligand 1 (PD-L1), in colorectal cancer (16) . It has been identified that increased levels of circRNA ubiquitin-associated protein 2 act as a sponge for miR-143 to promote the progression of osteosarcoma (17) . These findings indicate that circRNAs may be involved in tumor progression.
A previous study revealed that the expression level of hsa-circRNA-100876 was significantly elevated in NSCLC tissues. Additionally, patients with increased levels of hsa-circRNA-100876 exhibited a significantly decreased survival time compared with the low hsa-circRNA-100876-expression group (18) . In the present study, it was demonstrated that the expression levels of circ-0067934 were significantly increased in NSCLC tissues .05. circRNA, circular RNA; NSCLC; non-small cell lung cancer; si/siRNA, small interfering RNA; NC, negative control; S1, si-circ-0067934-1; S2, si-circ-0067934-2; positive, patients with NSCLC with lymph node metastasis; negative, patients with NSCLC without lymph node metastasis. Table II . Univariate and multivariate Cox analysis of overall survival time in patients with non-small cell lung cancer.
Univariate cox analysis
Multivariate cox analysis (19) . circRNA oiled-coil domain-containing protein 66 controlled multiple pathological processes, including cell proliferation, migration, invasion and anchorage-independent proliferation, in colon cancer (20) . A previous study demonstrated that hsa-circRNA-104916 was downregulated in gastric cancer and suppressed the migration and invasion of gastric cancer cells (21) . In the present study, the effects of circ-0067934 on the cell proliferation ability were evaluated using cell proliferation and colony formation assays. The results demonstrated that the proliferative ability was significantly inhibited following circ-0067934-knockdown in NSCLC cells.
In conclusion, the results of the present study demonstrated that the expression of circ-0067934 was increased in NSCLC and indicated a poor OS time for affected patients.
Additionally, downregulation of circ-0067934 decreased the proliferative ability of NSCLC cells. These results indicated that circ-0067934 may be a predictive marker for the prognosis of NSCLC and a target for the treatment of the disease.
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